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B. Rantner,1,3* M. Pavelka,1 L. Posch,1 C. Schmidauer2 and G. Fraedrich2Departments of 1Vascular Surgery, 2Neurology, and 3Division of Genetic Epidemiology, Department of
Medical Genetics, Molecular and Clinical Pharmacology, Medical University Innsbruck, Innsbruck, AustriaPurpose. To assess the relationship between outcome of carotid surgery and wait after ischemic stroke.
Methods. We retrospectively analysed data from patients undergoing carotid endarterectomy after ischemic stroke. We
investigated the time interval between the event and endarterectomy in relation to surgical results and complications.
Results. Between January 2000 and December 2003, 104 patients were scheduled to undergo carotid endarterectomy after a
recent stroke. Endarterectomy was performed within 6 h in seven patients (6.7%); within 4 weeks in 29 (27.9%); 4 weeks or
more in 62 (59.6%) and six (5.8%) patients received no further therapy. Perioperative complications among patients treated
within 4 weeks were 3.4% and were comparable to those treated after 4 weeks (4.8%). However, more than 12% of the
patients awaiting operation experienced a new cerebrovascular event (ischemic stroke or carotid occlusion), most of them
occurred in the 3rd or 4th week after the initial event.
Conclusion. Our data indicates, that carotid endarterectomy can be performed with a comparable risk within a short delay
after stroke. In addition severe cerebrovascular events occurring within the waiting period may be avoided.Keywords: Carotid endarterectomy; Stroke; Timing of surgery.There is clear evidence that carotid endarterectomy
(CEA) reduces the risk of ischemic stroke in patients
with recently symptomatic carotid stenosis.1,2 Timing
of surgery is still controversial. The recommended
delay of 4–6 weeks between event and surgery is based
on the results of studies performed decades ago,
which suggested cerebral bleeding and enlargement of
the infarction zone in operations carried out too close
to the ischemic event.3–6 On the other hand, the risk of
a recurrent stroke during the waiting period for
surgery has been reportedly as high as 9.5%.7,8
Nevertheless, the strategy to delay surgery for up to
6 weeks after the ischemic event has been accepted
and widely recommended.
In the last few years, different groups have
published data showing acceptable results of early
carotid endarterectomy after non-disabling strokes.
Ballotta, Eckstein and Ricco prospectively investigated
early versus delayed carotid endarterectomy. They
found that endarterectomy was more effective when
carried out closer to the cerebrovascular event.9–11ing author. Barbara Rantner, MD, Department of
gery, Medical University Innsbruck, Anichstrasse 35,
ck, Austria.
: barbara.rantner@uibk.ac.at
0036 + 05 $35.00/0 q 2005 Elsevier Ltd. All rights reserRecently the Carotid Endarterectomy Trialists Col-
laboration published results from a reevaluation of the
pooled data from the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) and the
European Carotid Surgery Trial (ECST). Carotid
endarterectomy was reported to be most beneficial in
patients treated within the first 2 weeks after the
ischemic event.12
This study’s purpose was to answer two questions:
What happens to the patients within the 4 weeks after
the ischemic event and is there a difference in
perioperative complications between early and
delayed surgery?Methods
We retrospectively analysed data from patients under-
going carotid endarterectomy after an ischemic stroke
at our department between January 2000 and Decem-
ber 2003. Preoperative diagnostic included the patient
history, neurological examination, duplex ultrasound
and cerebral computer tomography. Patient history
and neurological examination were carried out
through the Department of Neurology, MedicalEur J Vasc Endovasc Surg 30, 36–40 (2005)
doi:10.1016/j.ejvs.2005.02.045, available online at http://www.sciencedirect.com onved.
Table 1. Demographic data and comorbidities
Patients (nZ104)
Age (mean valueGSD) 69.4G9.8
Gender [female/male, n
(%female)]
24/80 (22.9%)
Hypertension n (%) 69 (66.3%)
Dyslipidaemia n (%) 58 (55.8%)
Diabetes n (%) 23 (22.1%)
Nicotin n (%) 19 (18%)
Coronary artery disease n (%) 25 (24%)
Chronical obstructive pulmonary
disease n (%)
4 (3.8%)
Ischemic Stroke and Carotid TEA 37University Innsbruck, where all our patients were
initially admitted. Stroke was defined as a clinical
syndrome characterised by rapidly developing symp-
toms and/or sign of focal and at times global loss of
cerebral function lasting longer than 24 h.
An emergency cerebral CT scan was performed in
all patients, a follow up was done within the next 48 h.
At least 24 h before surgery a final cerebral CT scan
was carried out to exclude new ischemic lesions or a
leaking blood-brain barrier. All CT scans are routinely
performed with a contrast medium. Cerebral infarc-
tion was defined as a hypodense lesion on CT scan in a
given vascular territory. An enhancement of dye was
regarded as a sign of a leaking blood-brain barrier. All
patients underwent carotid duplex ultrasonographic
scanning on a logiq 700 expert (General Electrics,
Milwaukee). The degree of the stenosis in the internal
carotid artery (ICA) was calculated as the percentage
of diameter reduction in compliance with NASCET.
Final decisions regarding therapy and timing of
surgery were made in the interdisciplinary conference
between neurologists, neuroradiologists and vascular
surgeons. Complications within the 4 weeks delay
were divided into major complications, i.e. another
ischemic stroke or occlusions of the ICA, and minor
complications such as transient ischemic events.
All CEAs were performed under general anesthesia
and carried out by using intravenous heparin (5000 U)
before carotid cross clamping. Intraoperative angio-
graphy was always performed. Patients were awa-
kened from narcosis in the operation room to detect
intraoperative ischemic events or minor perioperative
complications. We classified the perioperative out-
come into major complications, such as an ischemic
stroke, and minor complications, such as cranial nerveTable 2. Timing of surgery
Patients (nZ104)
Acute (%24 h) n (%) 7 (6.7%)
!28 days n (%) 29 (27.9%)
R28 days n (%) 62 (59.6%)
No surgery 6 (5.8%)palsies, hematoma and infection. A CT scan was
performed in patients who showed new neurological
symptoms after CEA, and assessed by the consultant
neurologist. Postoperative ultrasound scanning was
routinely performed on day 2 to evaluate the
operation.
Statistical analysis was performed with the statisti-
cal package for the social sciences (SPSS) for Windows
11.5. Univariate comparisons of continuous variables
was carried out using unpaired t-test or the non-
parametric Wilcoxon rank sum test in case of non-
normally distributed variables. Pearson chi-square-
test was also used for comparing the two groups of
interest.Results
A total of 531 patients underwent carotid endarter-
ectomy between January 2000 and December 2003 at
our department. One hundred and sixty operations
were carried out for asymptomatic stenosis, and 371
following an ischemic event. In 104 patients the
indication for surgery was stroke and this group was
selected for further study. Table 1 shows demographic
data and comorbidities of the study population which
is in accordance with the risk factor profile of a high
risk population.
Only one patient out of the 104 received no contrast
medium for the CT scan due to impaired renal
function. Our patients underwent surgery a median
time interval of 36 days after the ischemic event,
ranging from acute operations, carried out within 24 h,Fig. 1. Chronological order of surgeries (weeks).
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Table 3. Ipsi- and contralateral pathologies of the ICA according to clinical subgroups
Patients, n (%)
Not operated Acute !28 days O28 days
Degree of stenosis
70–79% 0 0 2 (6.9%) 7 (11.3%)*
80–89% 4 (66.6%) 3 (42.9%) 11 (37.9%) 19 (30.6%)*
90–99% 2 (33.3%) 4 (57.1%) 16 (55.2%) 36 (58.1%)*
Contralateral pathologies
No stenosis 2 (33.3%) 3 (42.9%) 10 (34.5%) 20 (32.3%)*
50–69% 2 (33.3%) 2 (28.5%) 6 (20.7%) 16 (25.8%)*
70–99% 2 (33.3%) 1 (14.3%) 6 (20.7%) 13 (21%)*
Occlusion 0 0 0 1 (1.6%)*
OP 0 0 2 (6.9%) 1 (1.6%)*
Missing data 0 1 (14.3%) 5 (17.2%) 11 (17.7%)*
*p not significant between groups of interest (!28 days andR28 days); degree of stenosis, pZ0.69; contralateral pathologies, pZ0.79
(Pearson-chi-square-test).
   
B. Rantner et al.38to 168 days after the ischemic stroke. In our investi-
gation we defined three groups depending on the
timing of surgery: acute operations, patients who were
treated within 28 days and the remaining ones who
underwent endarterectomy at least 28 days after the
cerebrovascular event.
The indication for acute surgery was deterioration
of neurological symptoms despite best medical man-
agement or dispersing thrombus detected in the
internal carotid artery. Seven (6.7%) patients under-
went immediate surgery. Twenty-nine (27.9%) endar-
terectomies were carried out within 28 days, the vast
majority of patients 62 (59.6%) were treated by surgery
at least 28 days after the ischemic stroke. Six (8.8%)
patients received no further therapy, although they
were initially scheduled for CEA (Table 2). Fig. 1
shows the chronological order of surgery, with a clear
peak in week 5 (Fig. 1).
Table 3 shows the degree of stenosis of the ipsi- and
contralateral ICA. There is no difference between the
groups concerning stenosis severity. There was also noTable 5. Complications within the 4 week delay
Patients
Ischemic stroke 8 (11.8%)
Asymptomatic occlusions 2 (2.9%)
Lost to follow up 2 (2.9%)
Table 4. Type of endarterectomy and use of a shunt according to
clinical subgroups
Patients, n (%)
Acute !28 days R28 days
OP technique
CEACpatch
plastic eversion
7 (100%) 22 (75.9%) 47 (75.8%)
Endarterectomy 0 7 (24.1%) 15 (24.2%)
Use of a shunt
Yes 7 (100%) 19 (65.5%) 42 (67.7%)
Eur J Vasc Endovasc Surg Vol 30, July 2005difference in the operative technique between the
groups of interest (Table 4). Our data demonstrates
that 8 (11.8%) patients who were scheduled for
endarterectomy after a 4 week waiting period
sustained a second ischemic stroke (Table 5). All
additional ischemic events occurred in the same
carotid artery territory as the initial ones. Seven out
of eight complications occurred within the 3rd and 4th
week (median time interval 23 days, minimum 10
days, maximum 31 days), only one patient suffered
their additional event in the 2nd week after the first
stroke (Fig. 2). The clinical outcome of the second
ischemic event prohibited further surgical therapy in
two of these eight patients. Another two patients had
an asymptomatic occlusion of the ICA; hence again
surgery was not performed. Two candidates for
surgery were lost to follow up and did not show up 
  
Fig. 2. Timing of major complications within the 4 week
delay. m*Zmedian time of complications after the first
ischemic event.
Table 6. Perioperative complications depending on the timing of surgery
Perioperative complications Patients (%)
Acute CEA (nZ7) All types None
CEA within 28 days (nZ29) Major* 1 (3.4%)
Minor† 2 (6.9%)
CEA after 28 days (nZ62) Major* 3 (4.8%)
Minor† 2 (6.9%)
Acute occlusions 2 (3.2%)
* Ischemic apoplex, mass bleeding.
† Lesions of peripheral nerves, hematoma, infection.
Ischemic Stroke and Carotid TEA 39for the planned operation. Thus, a total of six (9%)
patients who had been scheduled for surgery finally
did not undergo the endarterctomy. Perioperative
complications were comparable in both groups. No
complications were observed in the acute surgery
group (Table 6). All neurological symptoms observed
after the CEA were ipsilateral to the operated carotid
artery.Discussion
Carotid endarterectomy after a non-disabling ischemic
stroke serves the purpose to improve cerebral per-
fusion and to prevent further embolic events in the
ICA territory. Furthermore, an occlusion of the ICA
should be avoided. The arbitrary recommendation to
delay surgery after an ischemic event arose from
studies carried out in the sixties and seventies.3–6 The
risk of transforming a non-hemorrhagic into a hemor-
rhagic infarction was the main argument for recom-
mending delayed surgery. In 1985 Giordano et al.
showed that nearly 20% of the patients who were
treated within 5 weeks after an ischemic stroke
experienced a perioperative cerebral infarction. No
patient from the delayed group suffered an additional
stroke.14
Data from recent prospective studies imply that the
endarterectomy can be safely performed earlier after a
non-disabling stroke.9–11 The comparatively small
number of patients, however, limits the influence of
those studies on the international recommendations.
Early this year a reevaluation of pooled data form
NASCET and ECST with a total of 5893 patients was
published. Besides several covariates like age, gender,
quality of event and others, timing of surgery was a
matter of interest. The collaborators found that surgery
was most beneficial within the first 2 weeks after an
ischemic cerebral event.12
Our data demonstrates that we followed the
recommendation for delayed surgery in 60% of our
patients. Nearly 12% of those patients suffered a
second ischemic event awaiting surgery. The majorityof the ischemic complications occurred within the 3rd
and 4th week. These complications may have been
prohibited through an operation performed earlier
after the stroke. We are aware of the fact that our small
number of patients limits the statistical relevance of
this result. In two more patients the ICA asymptoma-
tically occluded. Ten out of 62 patients (16.1%)
sustained complications within the 4 weeks.
Reevaluation of early reports of perioperative
cerebral bleeding as major complications of CEAs
carried out too close to the ischemic event, showed
that many of the patients had profound preoperative
neurological deficits or had surgery for occluded
ICAs.5,6,13 In other words ineffectual patient stratifica-
tion and inadequate identification of the extent of
preoperative cerebral damage may have been respon-
sible for the high percentage of perioperative compli-
cations. Our investigation does not allow a clear
statement that CEA should be performed early after
an ischemic event. The rate of strokes amongst the
group of patients operated on within the 4 weeks
cannot be determined very accurately due to the small
sample size (Table 6). However, it is not significantly
higher than the rate of complications for patients who
underwent delayed surgery. Our findings casts doubt
on the common ‘best practice’ of delaying CEA after
ischemic stroke and is in accordance with results in the
recent literature. Further prospective investigations
with an appropriate number of patients will be
necessary to alter the current recommendation for
the timing of the CEA after an ischemic stroke.References
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